Introduction
Liquid crystal compounds and mixtures are selected for applications in industrial technologies in accordance with their optical properties. Liquid crystals with a large optical anisotropy are required in displays with small cell thickness and small switching time. Liquid crystals with small optical anisotropy (small birefringence) are exploited in displays where small magnitudes of a product of cell thickness multi− plied by optical anisotropy are needed to ensuring wide observation angle.
Such a liquid crystal, C 20 H 36 O 3 [1, 2] , of a molecular structure of: featured small ordinary and extraordinary refractive indices as well as small optical anisotropy, was studied. This com− pound can be overcooled in the nematic phase down to 38.7°C and in lower temperatures the smectic B phase is observed as monotropic phase. Thus, the phase sequences are different on heating or cooling:
Cr 54.8°C -N 86.0°C -Iso or SmB 38.7°C -N 86.0°C -Iso. The temperatures of phase transitions were found by using a microscopy equipped with the thermal stage. The density was measured by using a densitometer calibrated in water−air system. The optical characteristics were measured by using an Abbe refractometer and by applying modified wedge−cell method [3, 4] which made possible to determine ordinary and extraordinary refractive indices and optical anisotropy separately both in the transmission and reflection mode. From these basic physical characteristics the molecu− lar polarisability and the long−range orientational order of the constituent molecules were determined by exploiting different models of local light wave front to compare the results.
The principal goal of this work was an experimental ver− ification of the usefulness of Kuczyński et al. method of studying the dependence of nematic order on temperature. The method was verified as successfully applicable for de− termining the order parameter for nematic liquid crystals of small birefringence, when the density could be unknown. The results of measurements and discussion are presented below.
Basic relationships
A uniaxial nematic liquid crystal is characterised by the molecule longitudinal and transversal polarisability, a l and a t , (independent of temperature) and the corresponding effective nematic polarisability, a e and a o (dependent on temperature). The mean polarisabilities, a a a = + 
The nematic polarisabilities are related to the extraordi− nary and ordinary refractive indices, n e and n o , by the approximate formula
where
)-by Lorentz-Lorenz model for liq− uid crystals (L) [9] ; N is the number of molecules per unit volume, g g p -. In this way, the order parameter and molecule polarisa− bility can be found from refractive indices and density of nematic liquid crystal in two steps [5] [6] [7] [8] [9] [10] [11] 
Experimental
The isotropic, ordinary and extraordinary refractive indices (Figs. 1, 2 and Table 1 ) for the studied substance were mea− sured in whole temperature range by means of an Abbe re− fractometer with using monochromatic light of wavelength l = 589 3
. nm (yellow sodium line). The systematic error in− volved in the refractometer measurements made in the isotro− pic state was about 0.0002; the random error in the nematic state was about 0.005 due to the diffusion of the boundary line corresponding to the critical angle of total internal reflection. The measurements were repeated by applying a modified wedge−cell method which made possible to determine both the refractive indices and optical anisotropy separately in both the transmission and reflection mode [3, 4] . Since the results agreed well, for further computations only the refractometer measurements were exploited.
The errors involved in the temperature determination was about 0.3 K. The temperatures of phase transitions were found by using a microscope (Olimpus) equipped with the thermal stage (Linkam). The density (Fig. 3 and Table 1) was measured by using a densitometer (Metler Toledo DE−40) calibrated in water−air system. 
Results and discussion
The values of order parameter were computed from refrac− tive indices by applying a mathematical model (N), (V) or (L) combined with a procedure for finding molecule polari− sability (H) or (S), or by applying Kuczyński method (K) Figs. 4(a) and (b) , Tables 2 and 3 . Two computational pro− cedures suggested by Haller et al. [10] (H), and by Subram− hanyam et al. [11] produce values of an order parameter dif− ferent within about 4%. It is evident [ Fig. 4(a) ] that two mathematical models -(V) and (L) -imply very close val− ues of order parameter and the model (K) produces the val− ues which differ systematically by factor 1.10 (H) or 1.15 (S) from those obtained with using (V) model [ Fig. 4(b) ]. It is difficult to decide which of these three models is more accurate. The model (N) seem inadequate as giving much different results. 
Conclusions
The optical characteristics of the nematic liquid crystal com− pound with small birefringence and refractive indices were determined. The estimates of a nematic order parameter obtained by applying Chandrasekhar-Madhusudana-Vuks and Lorentz− -Lorenz approximations are close each other and depend insignificantly on the auxiliary extrapolation method (Hal− ler or Subramhanyam one). These values are also close to the ones obtained by Kuczyński method; the three functions S = f (t ) agree very well up to a scaling factor not greater than 1.15.
Kuczyński method for determining the order parameter for nematic liquid crystals seems pretty accurate and less laborious than the other ones, the birefringence as a function of temperature is only required (the density can be unk− nown). It was demonstrated that it worked well also for the nematics with small birefringence.
